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(57) ABSTRACT

The mvention concerns inclusion complexes of precursors
from a natural source of organic 1sothiocyanates, 1in particu-
lar having bacteriostatic, bactericidal and/or fungicidal
properties, 1n cyclodextrins.

The 1sothiocyanate may meet the formula:

R'—N=C=S (D)

in which R is for example the benzyl group. The precursor
1s a glucosinolate for example.

The complex formed from a precursor may be converted

into a complex of the corresponding 1sothiocyanate through
enzymatic hydrolysis with myrosinase.
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COMPLEXES FOR IMMOBILIZING
ISOTHIOCYANATE NATURAL
PRECURSORS IN CYCLODEXTRINS,
PREPARATION AND USE

TECHNICAL FIELD

The subject of the present invention 1s complexes formed
by the inclusion of precursors, from a natural source, of
organic 1sothiocyanates 1n cyclodextrins.

It particularly concerns the solubilisation and/or con-
trolled release of bacteriostatic, bactericidal and/or fungi-
cidal agents formed of organic isothiocyanates, from such
complexes.

It also concerns bacteriostatic, bactericidal and/or fungi-
cidal compositions containing such complexes, which can
be used 1n the fields of food and food processing.

STATE OF PRIOR ART

Organic 1sothiocyantes are known to have remarkable
bacterio- and fungistatic properties, and their activity in
controlling the proliferation of aerobic and anaerobic micro-
organisms has been well identified, as described 1n “Anti-
microbial Properties of Isothiocyanates in Food Preserva-
tion” by P. J. Delaquis and G. Mazza, published by James
Giese 1n “Food technology”, November 1995, pages 73 to
84 |1].

However, their physical properties (they are most often
volatile liquids) make their use very difficult in food and
food processing applications since it 1s impossible to control
the minimal doses which ensure the preservation process
without harming the organoleptic properties of the food to be
preserved.

DISCLOSURE OF THE INVENTION

The precise subject of this present invention 1s
bacteriostatic, bactericidal and/or fungicidal compositions in
which the organic 1sothiocyanate 1s stabilised in the form of
an 1nclusion complex m a cyclodextrin, permitting 1ts solu-
bilisation 1n an aqueous medium and control over its release.

According to the invention, the inclusion complex i1s
formed of a natural precursor of an organic i1sothiocyanate
included 1n a cyclodextrin.

According to the invention, the organic isothiocyanate
preferably meets the formula:

R'—N=C=S (I)

in which R' represents an alkyl group, whether linear or
branched, with 1 to 6 carbon atoms; an alkenyl group, linear
or branched, with 2 to 6 carbon atoms; an arylalkyl group in
which the alkyl group has 1 to 6 carbon atoms; a group
having the formula:

(e
R2™\

in which g=1 or 2 and R” represents a hydrogen atom or an
alkyl or alkoxyl group with 1 to 3 carbon atoms, the
substituent R* being in ortho, para or meta position; a group
with the formula R°CO(CH,),— in which R> is an alkyl
group with 1 to 3 carbon atoms and n 1s a whole number of
3 or 4; a group with the formula R?*OCO(CH,) — in which

R and n are as defined above; a methylthioalkyl group with
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the formula CH;S(CH,),— in which p is a whole number
from 1 to 10; or a group with the formula CH,—S

CH=CH—(CH,),— 1n which r is a whole number from 1
to &.

As an example of such 1sothiocyanates, mention may be
made of those for which R* has the denotation given in the
appended table.

The natural precursor of organic isothiocyanate, or
glucosinolate, may meet the formula:

(V)

Rl
CH,OH
S—C— NOSO3K
O
OH
OH H
OH

in which R" has the denotation given above.

These natural precursors may in particular be those men-
tioned 1n the appended table.

These natural precursors may be obtained from plant
sources such as those also listed 1n the appended table.

The cyclodextrin used 1n the inclusion complex described
above may be a natural cyclodextrin or a chemically modi-
fied cyclodextrin.

It 1s recalled that the cyclodextrins or cyclomaltooligosac-
charides are compounds of natural origin, formed by the

chain conformation of glucose units bonded at o-1.4.

The natural cyclodextrins are a-cyclodextrin which con-
tains 6 glucose units, P-cyclodextrin which contains 7 glu-
cose units and v-cyclodextrin which contains 8 glucose
units. Much research work has shown that these cyclodex-
trins could form inclusion complexes with hydrophobic
molecules, thereby permitting their solubilisation in aqueous
media and their use 1n various 1ndustries, as described 1n the

work entitled: “Cyclodextrins and their Industrial Uses” by
D. Duchéne published by Editions de Santé, 1987, pages 299

to 326, [2].

According to the mvention, not only a natural cyclodex-
trin may be used, but also a natural cyclodextrin that is
chemically modified through the addition of appropriate
substituents. Said modified cyclodextrin may meet the for-
mula:

(IT)

HO O

¥

in which m=6, 7 or 8 and the R*s which may be identical or
different, represent OH or a group chosen from among the
X-alkylated or X-arylated groups 1n which X represents a
carbon atom or a heteroatom provided that at least one of the
R*s is not OH.

In this case, the substituents R” of cyclodextrin are chosen
such as to improve 1ts properties, 1n particular in respect of
the solubilisation and stabilisation of the organic 1sothiocy-
anates.
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According to the invention, the inclusion complex of a
natural precursor of an organic 1sothiocycate in a
cyclodextrin, using an aqueous solution of cyclodextrin,
may be prepared by the addition of the natural precursor to
this solution. The cyclodextrins used are those previously
described.

In this manner, the inclusion complex may be formed
cither 1n the form of an aqueous solution, or in the form of
a precipitate which 1s subsequently separated from the
solution. In this latter case, an aqueous solution saturated
with cyclodextrin may be used.

According to the invention, the inclusion complexes of
natural precursors of organic 1sothiocyanates 1 cyclodex-
frins may be used to prepare an inclusion complex of an
organic 1sothyanate 1 a cyclodextrin.

Indeed, 1t 1s known that these natural precursors of
organic 1sothiocyanates may be converted into the corre-
sponding 1sothiocyanates by hydrolytic reaction with myro-
sinase 1n accordance with the following reaction diagram:

Rl
CH,OH
S C—NOSOzK
O N
Myrosinasc
OH o
H,0O
(IV)
OH H
OH
CH,OH
OH
O
RI—=N=C=S () + OH + KHSO,
OH
OH

Myrosinase 1s an enzyme naturally present in Cruciferae.
The enzymatic hydrolysis of the natural precursor of for-
mula (IV) by myrosinase leads to the corresponding organic
1sothiocyanate and to the release of a molecule of D-glucose
and potassium acid sulphate.

According to the mnvention, 1t has been discovered that it
1s possible to prepare an inclusion complex containing
organic 1sothiocyanate from an inclusion complex contain-
ing the natural precursor of this 1sothiocyanate through the
action of myrosinase on this complex.

Theretfore, a further object of this invention 1s a method
for preparing an inclusion complex formed of an organic
1sothiocyanate included 1n a cyclodextrin, which comprises
the following steps:

a) preparing, in an aqueous solution, an iclusion complex
containing a natural precursor of an organic 1sothiocy-
anate in cyclodextrin, and

b) submitting the complex so obtained to the action of
myrosinase 1n aqueous solution to convert the natural
precursor included in the cyclodextrin into the corre-
sponding organic 1sothiocyanate.

In this case, the aqueous solution used 1n the second step,
and optionally 1n the first step, 1s a solution suitable for
hydrolysis by myrosinase. It may be a buffer solution such
as a phosphate buffer solution with a pH value of 6.

A further object of the invention 1s a bacteriostatic,
bactericidal and/or fungicidal composition, made up of a dry
mixture containing:

a) an inclusion complex of a natural precursor of an
organic 1sothiocyanate, having bactericidal, bacterio-
static and/or fungicidial properties, 1n a cyclodextrin,
and

b) myrosinase.
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By way of example, the composition may be in powder,
cgranule, wettable powder form etc. This composition may
comprise appropriate vehicles and additives such as those
ogenerally used for the production of bacteriostatic, bacteri-
cidal and/or fungicidal products intended for the food or
food processing 1ndustries.

It may be prepared using conventional methods.

With this composition, at the time of use, when the dry
mixture 1s placed i1n contact with water or a humid
atmosphere, the presence of water will convert the natural
precursor present in the inclusion complex into the corre-
sponding organic 1sothiocyanate through enzymatic
hydrolysis with the myrosinase 1n the composition.

In this case, the composition 1s for example 1n powder
form, or wettable powder form.

Other characteristics and advantages of the invention will
be better understood on reading the following description of
embodiments given evidently for illustrative, non-restrictive
purposes with reference to the appended drawings.

SHORT DESCRIPTION OF THE DRAWINGS

FIG. 1 1s the partial nuclear magnetic resonance spectrum
of 10 mM a-cyclodextrin in D,O at 25° C., recorded at 500

MHz.

FIG. 2 1s the partial NMR spectrum of the a-cyclodextrin-

Tropaeolum Majus glucosinolate complex in D,O at 25° C.,
recorded at 500 MHz.

FIG. 3 1s the partial NMR spectrum of the a-cyclodextrin-
benzyl ITC complex in D,O at 25° C., recorded at 500 MHz.

FIGS. 4 to 6 are partial NMR spectra of the

a.-cyclodextrin-Tropacolum Majus glucosinolate complex in
the presence of myrosinase at 25° C., recorded at 500 MHz,
before the addition of myrosinase (FIG. 4), 1 h after this
addition (FIG. 5) and 17 h after this addition (FIG. 6).

DETAILED DESCRIPTION OF EMBODIMENTS

The following examples 1llustrate the preparation of com-
plexes 1n accordance with the invention using the natural
precursor of benzyl 1sothiocyanate (benzyl-ITC) which 1s
the glucosinolate derived from Tropacolum Majus.

The benzyl isothiocyanate meets the formula (IIT) below:

O)—etrsmem

This compound is 1n the form of an oily liquid, mnsoluble
in water, which 1s very delicate to handle on account of its
properties and volatility.

(I1D)

EXAMPLE 1

Preparation of an Inclusion Complex of the
Glucosinolate Precursor of Benzyl Isothiocyanate 1n
a.-Cyclodextrin

In this example, a solution is prepared containing 2.2 mg,
a.-cyclodextrin in 400 ul of 50 mM deuterated phosphate
buffer, pH=6, to which 1s added 7.5 mg of the glucosinolate
precursor of benzyl I'TC derived from Tropacolum Majus or
glucotropaeoline. This precursor meets the formula:
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(V)
OH
Ho
OH S C
HO \C/
OH H
NOSO;K

The formation of this complex 1s checked by recording the
NMR spectrum at 25° C. and 500 MHz of the solution
before and after the addition of the glucosinolate.

FIG. 1 shows the spectrum of the a.-cyclodextrin solution
before addition.

FIG. 2 shows the NMR spectrum taken under the same
conditions, after addition of the glucosinolate (GSL).

This leads to the observation of signals corresponding to
the glucosinolate (GSL) at 4.2, 3.7, 3.4, 3.35 and 3.28 ppm.

By way of comparison, FIG. 3 shows the NMR spectrum
obtained at 25° C. and 500 MHz of the inclusion complex of
benzyl isothiocyanate (benzyl-ITC) in a-cyclodextrin
obtained 1n the following manner.

2.2 mg of a-cyclodextrin are dissolved 1n 400 ul of D,0O.
To this solution 0.3 ul of benzyl isothiocyanate (benzyl-ITC)
are added and 1n this manner the inclusion complex of this
1sothiocyanate 1 a.-cyclodextrin 1s obtained.

FIG. 6 shows the NMR spectrum obtained after the
addition of benzyl 1sothiocyanate.

A comparison of this spectrum with that of FIG. 1 shows
the formation of an inclusion complex, 1 particular by the
displacement of the H-3 and H-5 signals of cyclodextrin
positioned 1nside the cavity. The use of bidimensional NMR
methods can provide a structure model of this complex in
which the benzyl part of the benzyl-ITC 1s 1nside the cavity
of the cyclodextrin.

EXAMPLE 2

In this example, the inclusion complex formed 1n example
1 1s converted 1nto an 1nclusion complex of benzyl 1sothio-
cyanate 1n the cyclodextrin.

For this purpose, myrosinase 1s added to the solution of
the complex prepared 1n example 1, then hydrolysis of the
glucosinolate 1s followed under nuclear magnetic resonance.

The results are given 1n FIGS. 4, 5 and 6 which illustrate

the NMR spectra obtained at 25° C. and 500 MHz, before
the addition of myrosinase (FIG. 4), 1 hour after the addition
of myrosinase (FIG. §), and 17 hours after the addition of
myrosinase (FIG. 6).

If these spectra are compared, it 1s observed that the
spectrum 1n FIG. 6 contains signals corresponding to
a.-glucose, to p-glucose and to benzyl 1sothiocyanate, which
signals do not exist in FIG. 4 and which start to form 1n FIG.

S.

Also, it 1s noted that the benzyl 1sothiocyanate formed by
the action of myrosinase 1s always complexed in the cyclo-
dextrin and therefore remains soluble 1n an aqueous solu-
fion.

Cited References

[1]: “Antimicrobial Properties of Isothiocyanates in Food
Preservation” by P. J. Delaquis and G. Mazza, published
by James Giese 1n “Food technology”, November 1995,
pages 73 to &4.
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[2]: “Cyclodextrins and their Industrial Uses”, by D.
Duchéne, published by Editions de Santé, 1987, pages

299 to 326.

[sothiocyanates
R'—N=C=S

Rl
methyl
ethyl
propyl
isopropyl

n-butyl
isobutyl
s-butyl
3-methylbutyl
2-methylbutyl
allyl

but-3-enyl
pent-4-enyl
benzyl
2-phenylethyl

p-methoxybenzyl

m-methoxybenzyl
p-hydroxybenzyl

1) EtCO(CH,),
2) PrCO(CH,,),
PrCO (CH,),

EtOCO (CH.,),
3) MeS(CH,),

MeS(CH,),
MeSCH—CH(CH,),

MeS(CH,)s
MeS(CH,),
MeS(CH,)s
MeS(CH,)q

1) Et = ethyl
2) Pr = propyl
3) Me = methyl

TABLE 1

Precursor

GSL

Glucoapparin
Glucolepidin

Glucopurtanjivin

Glucocochlearin

Glucojiaputin
Sinigrin (SIN)

Gluconapin (GNA)

Glucobrassicanapin
(GBN)
Glucotropaeolin
(GTL)
Gluconasturtin
(GST)
Glucoaubrietin
Glucolimnanthin
GSL

Glucosinalbine

luconorcappasalin
lucocappasalin
lucocapangulin
lucoerypestrin

Q9 Q9 9

lucoibervirin
(GIV)
Glucoerucin (GER)

Glucoraphasatin
ucoberteroin

lucolesquerellin

lucojirsutin

© Q9 Q9

lucoarabin

What 1s claimed 1s:

1. A composition comprising:

Plant sources

Boscia senegalensis

Sysymbrium officinale
(sisymbre)

Brassica nigra

(black mustard)

1satis tinctoria

(pastel)

Tropaeolum majus
(nasturtium)
Nasturtium officinale
(watercress)
Aubrietia sp.

Sinapis albajarvensis
(white/wild mustard)

Eruca sativa
(sweet rocket)

Raphanus sativus

(radish)

Lesquerella sp.
Arabis sp.
Arabis sp.

an 1nclusion complex of a natural precursor of an organic
1sothiocyanate and a cyclodextrin, said natural precur-
sor of the organic 1sothiocyanate being convertible into
the corresponding organic 1sothiocyanate by a

myrosinase, and

a Myrosinase;

wherein said composition 1s 1n a dry form, and

wherein the cyclodextrin comprises the following for-

mula:
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(I

HO

in which m=6, 7 or 8 and the R* groups, which may be
identical or different, represent OH or an X-alkylated or
X-arylated group 1n which X represents a carbon atom
or a heteroatom, provided that at least one of the R*
group(s) is not OH.
2. The composition of claim 1, wherein said natural
precursor 1s a precursor of an organic isothiocyanate having
the following formula:

R'—N=C=S

(D

wherein R is an alkyl group, linear or branched, with 1
to 6 carbon atom(s).
3. The composition of claam 1, wherein said natural
precursor 1s a precursor of an organic 1sothiocyanate having,
the following formula:

R'—N—C—S (D),

wherein R' is an alkenyl group, linear or branched, with
2 to 6 carbon atoms.
4. The composition of claim 1, wherein said natural
precursor 1s a precursor of an organic 1sothiocyanate having,
the following formula:

RI—N—C—S (D),

wherein R' is an alkyl group.

5. The composition of claim 1, wherein said natural
precursor 1s a precursor of an organic isothiocyanate having
the following formula:

R'—N=C=S (D),

wherein R is an arylalkyl group in which the alkyl group
has 1 to 6 carbon atom(s).
6. The composition of claim 1, wherein said natural
precursor 1s a precursor of an organic isothiocyanate having,
the following formula:

RI—N—C—S (D).

wherein R" is a group with the formula:

(O
R2™\

in which q=1 or 2 and R” represents a hydrogen atom
or an alkyl or alkoxyl group with 1 to 3 carbon atoms,
the substituent R* being in the ortho, para or meta
position.
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7. The composition of claim 1, wherem the natural
precursor of an organic isothiocyanate comprises the fol-
lowing formula:

(IV)

Rl
CH,OH |
S—C—NOSO3K
O
OH
OH H
OH

in which R* represents an alkyl group, linear or branched,
with 1 to 6 carbon atom(s); an alkenyl group, linear or
branched, with 2 to 6 carbon atoms; an arylalkyl group in
which the alkyl group has 1 to 6 carbon atom(s); a group
with the formula:

Qﬁ (CH3)q—
R27\

in which g=1 or 2 and R” represents a hydrogen atom or
an alkyl or alkoxyl group with 1 to 3 carbon atoms, the
substituent R* being in ortho, paxa or meta position; a
group with the formula R°*CO(CH,), — in which R” is
an alkyl group with 1 to 3 carbon atom(s) and n is a
whole number of 3 or 4; a group with the formula
R°0OCO(CH,),— in which R® and n are as defined
above; a methylthioalkyl group with the formula CH,S
(CH,),— in which p is a whole number from 1 to 10;
or a group with the formula CH,—S—CH=CH—
(CH,),— in which r is a whole number from 1 to 8.

8. The composition of claim 1, wherem the natural
precursor of an organic 1sothiocyanate selected from the
ocroup consisting of glucoapparin, glucolepidin,
cglucoputranjivin, glucocochlearin, glucojiaputin, sinigrin,
oglucoapin, glucobrassicanapin, glucotropaeolin,
gluconasturtin, glucoaibrietin, glucolimnanthin,
olucosinalbin, gluconorcappasalin, glucocappasalin,
olucocapangulin, glucoerypestrin, glucoibervirin,
glucoerucin, glucoraphasatin, glucoberteroin,
glucolesquerellin, glucohirsutin and glucoarabin.

9. The composition of claim 1, wherein the natural
precursor of an organic 1sothiocyanate 1s glucotropaeolin
and the cyclodextrin 1s a-cyclodextrin.

10. The composition of claim 1 1n the form of a powder.

11. The composition of claim 1 that 1s a wettable powder.

12. The composition of claim 1 in the form of a granule.

13. The composition of claim 1, wheremn said natural
precursor 1s a precursor of an organic 1sothiocyanate having
the following formula:

R'—N—C—S (D),

wherein R' is a group with the formula R’CO(CH,), — in
which R~ is an alkyl group with 1 to 3 carbon atom(s)

and n 1s a whole number of 3 or 4.
14. The composition of claim 1, wheremn said natural
precursor 1s a precursor of an organic 1sothiocyanate having

the following formula:

R1—N—C—S (D),

wherein R" is a group with the formula R°OCO(CH,) —

in which R is an alkyl group with 1 to 3 carbon atom(s)
and n 1s a whole number of 3 or 4.
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15. The composition of claim 1, wherein said natural
precursor 1s a precursor of an organic isothiocyanate having
the following formula:

RI—N=C=S

(D

wherein R' is a methylthioalkyl group with the formula
CH;S(CH,),— in which p is a whole number from 1 to
10.
16. The composition of claim 1, wherein said natural
precursor 1s a precursor of an organic 1sothiocyanate having,
the following formula:

R'—N=C=S (D),

wherein R' is a group with the formula CH,—S
CH=CH—(CH,),— in which r is a whole number
from 1 to 8.
17. The composition of claim 1, wherein the cyclodextrin
1s an a-cyclodextrin.
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18. The composition of claim 1, wherein the cyclodextrin
1s a p-cyclodextrin.

19. The composition of claim 1, wherein the cyclodextrin
1s a y-cyclodextrin.

20. A food to which the composition of claim 1 has been
added.

21. An aqueous solution to which the composition of
claim 1 has been added.

22. A method for producing a bacteriostatic, bacteriocidal
or fungicidal organic 1sothiocyanate comprising contacting
the composition of claim 1 with water.

23. A method for inhibiting the growth of a microorgan-
Ism comprising contacting the composition of claim 1 with
walter.

24. A method for inhibiting the growth of a bacterium
comprising contacting the composition of claim 1 with
walter.
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